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(57) ABSTRACT 

An example of a high-frequency semiconductor device 
includes tWo unit semiconductor devices. Each of the tWo 
unit semiconductor devices has a ground substrate, a high 
frequency semiconductor element, an input-side matching 
circuit, an output-side matching circuit, a side Wall member, 
an input terminal, and an output terminal. The ground 
substrate has heat-radiating property. The high-frequency 
semiconductor element is provided on the ground substrate. 
The input-side matching circuit is connected to the high 
frequency semiconductor element. The output-side match 
ing circuit is connected to the high-frequency semiconductor 
element. The side Wall member surrounds at least the 
high-frequency semiconductor element. The input terminal 
is connected to the input-side matching circuit. The output 
terminal is connected to the output-side matching circuit. 
The tWo unit semiconductor devices are coupled to each 
other at upper edges of the side Wall members. 
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Fig. 6 
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Fig. 15 
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HIGH-FREQUENCY SEMICONDUCTOR DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is based upon and claims the 
bene?t of priority from PCT Application No. JP2007 
000047, Which is based upon and claims the bene?t of 
priority from the prior Japanese Patent Application No. 
2006-125328, ?led Apr. 28, 2006, the entire contents of 
Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a high-frequency 
semiconductor device that includes a cavity having a space 
and semiconductor elements contained in the cavity. 

[0004] 2. Description of the Related Art 

[0005] It is increasingly demanded that semiconductor 
devices be designed to operate at larger poWer in, for 
example, microWave communication. The recent trend is 
therefore to use larger microWave semiconductor chips and 
more number of chips in combination. As a result, the cavity 
containing these chips has become larger. The cut-olf fre 
quency, Which is determined by the length of cavity in the 
direction of the orthogonal to the microwave-propagation 
direction, must be kept at a higher frequency than operating 
frequencies. The decrease in the cut-off frequency degrades 
the isolation from the output side to the input side. 

[0006] A semiconductor device is knoWn, Which is 
designed to prevent such degradation of the (see Patent 
Document 1: Jpn. Pat. Appln. Laid-Open Publication No. 
5-83010, FIG. 1). As shoWn in FIG. 1, the cavity of this 
device is portioned by a grounding conductor, thereby to 
avoid characteristic degradation such as a decrease in the 
cut-off frequency. The cavity of this device has length a1, 
Width b1 and height cl (not shoWn). That is, this conven 
tional semiconductor device has a plurality of semiconduc 
tor elements arranged in the WidthWise direction. 

[0007] This con?guration, Wherein semiconductor ele 
ments are arranged in the WidthWise direction, has a problem 
in respect of radiation of heat because it operates at large 
poWer. More precisely, heat cannot be Well radiate from the 
back of the device since many semiconductor elements are 
arranged in the device package having a small Width and 
inevitably lie close to each other. 

[0008] Further, gaps are likely to develop betWeen the 
package cover and the partition Walls provided in the 
package. Such gaps Will degrade the device characteristics. 
This is one of the causes of the decrease in the device 
productivity. 

BRIEF SUMMARY OF THE INVENTION 

[0009] According to an aspect of the present invention, 
there is provided an example of a high-frequency semicon 
ductor device that includes tWo unit semiconductor devices. 
Each unit semiconductor device includes a ground substrate, 
a high-frequency semiconductor element, an input-side 
matching circuit, an output-side matching circuit, a side Wall 
member, an input terminal and an output terminal. The 
ground substrate has heat-radiating property. The high 
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frequency semiconductor element is provided on the ground 
substrate. The input- side matching circuit is connected to the 
high-frequency semiconductor element. The output-side 
matching circuit is connected to the high-frequency semi 
conductor element. The side Wall member surrounds at least 
the high-frequency semiconductor element. The input ter 
minal is connected to the input-side matching circuit. The 
output terminal is connected to the output-side matching 
circuit. The tWo unit semiconductor devices are coupled to 
each other at upper edges of the side Wall members. 

[0010] According to another aspect of the present inven 
tion, there is provided another example of a high-frequency 
semiconductor device that includes tWo unit semiconductor 
devices. Each unit semiconductor device includes a ground 
substrate, a high-frequency semiconductor element, an 
input-side matching circuit, an output-side matching circuit, 
a side Wall member, an input terminal, and an output 
terminal. The ground substrate has heat-radiating property. 
The high-frequency semiconductor element is provided on 
the ground substrate. The input-side matching circuit is 
connected to the high-frequency semiconductor element. 
The output-side matching circuit is connected to the high 
frequency semiconductor element. The side Wall member 
surrounds at least the high-frequency semiconductor ele 
ment. The input terminal is connected to the output-side 
matching circuit. The output terminal is connected to the 
input-side matching circuit. The tWo unit semiconductor 
devices are coupled to each other through a conductive plate 
at upper edges of the side Wall members. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is a top vieW shoWing the con?guration of 
a conventional semiconductor device. 

[0012] FIG. 2 is a top vieW shoWing the con?guration of 
a unit semiconductor device according to a ?rst embodi 
ment. 

[0013] FIG. 3 is a front vieW explaining hoW tWo unit 
semiconductor devices are coupled to each other in the ?rst 
embodiment. 

[0014] FIG. 4 is a front vieW shoWing the tWo unit 
semiconductor devices coupled together in the ?rst embodi 
ment. 

[0015] FIG. 5 is a side vieW shoWing the tWo unit semi 
conductor devices coupled together in the ?rst embodiment. 

[0016] FIG. 6 is a diagram illustrating the combination of 
the tWo unit semiconductor devices (shoWn in FIG. 5) 
coupled together, Which is positioned upright. 

[0017] FIG. 7 is a side vieW of a semiconductor device 
according to a second embodiment. 

[0018] FIG. 8 is a top vieW of the semiconductor device 
according to the second embodiment. 

[0019] FIG. 9 is a side vieW of a semiconductor device 
according to a third embodiment. 

[0020] FIG. 10 is a front vieW explaining hoW tWo unit 
semiconductor devices are coupled to each other in a fourth 
embodiment. 

[0021] FIG. 11 is a front vieW shoWing the tWo unit 
semiconductor devices coupled together in the fourth 
embodiment. 
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[0022] FIG. 12 is a side vieW showing the tWo unit 
semiconductor devices coupled together in the fourth 
embodiment. 

[0023] FIG. 13 is a diagram illustrating the combination of 
the tWo unit semiconductor devices (shoWn in FIG. 12) 
coupled together, Which is positioned upright. 

[0024] FIG. 14 is a side vieW of a semiconductor device 
according to a ?fth embodiment. 

[0025] FIG. 15 is a top vieW of the semiconductor device 
according to the ?fth embodiment. 

[0026] FIG. 16 is a side vieW of a semiconductor device 
according to a sixth embodiment. 

PREFERRED EMBODIMENTS 

[0027] The embodiments Will be described, With reference 
to the accompanying draWings. According to the embodi 
ments, tWo unit semiconductor devices are coupled to each 
other, one upon the other, constituting a high-frequency 
semiconductor device. 

First Embodiment 

[0028] FIG. 2 shoWs the con?guration of a unit semicon 
ductor device 11 according to the ?rst embodiment. The unit 
semiconductor device 11 comprises a ground substrate 12, a 
semiconductor element such as a microWave transistor 13, 
an input terminal 15a, an input-side matching circuit 15b, an 
output-side matching circuit 150, and an output terminal 
15d. The ground substrate 12, i.e., a heat-radiating ground 
substrate, is made of Cu or W and can radiate heat. The 
microWave transistor 13, input terminal 15a, input-side 
matching circuit 15b, output-side matching circuit 150 and 
output terminal 15d are provided on the heat-radiating 
ground substrate 12. The semiconductor element is for use 
at high frequencies. It is, for example, a microWave transis 
tor 13. The input terminal 15a and input-side matching 
circuit 15b are arranged on one side of the microWave 
transistor 13. The output-side matching circuit 150 and 
output terminal 15d are arranged on the other side of the 
microWave transistor 13. 

[0029] The input terminal 15a and the input-side matching 
circuit 15b are connected by a lead line, such as gold Wire 
17a. The input-side matching circuit 15b and the microWave 
transistor 13 are connected by a gold Wire 17b. The micro 
Wave transistor 13 and the output-side matching circuit 150 
are connected by a gold Wire 170. The output-side matching 
circuit 150 and the output terminal 15d are connected by a 
gold Wire 17d. 

[0030] As shoWn in FIG. 2, the microWave transistor 13 
and the matching circuits 15b and 150 are surrounded by a 
sideWall 18. Nonetheless, the input terminal 15a and output 
terminal 15d are exposed in part. 

[0031] As FIG. 3 shoWs, a unit semiconductor device 21 
of the same structure as the unit semiconductor device 11 is 
positioned upside doWn and laid on the unit semiconductor 
device 11. The device 21 is arranged as indicated by arroW 
19, With its sideWall 28 aligned With the sideWall 18 of the 
unit semiconductor device 11 located beloW the device 21. 

[0032] As shoWn in FIG. 4, the upper edge of the sideWall 
28 of the unit semiconductor device 21 abuts on the upper 
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edge of the sideWall 18 of the unit semiconductor device 11. 
The sideWalls 18 and 28 are coupled together at upper edge 
With of solder made of, for example, a gold-tin alloy. FIG. 
5 is a side vieW of the resultant product. 

[0033] The upper limit of the frequency range Which can 
be used is determined by the resonance frequency in the 
cavity. At any frequency higher than the upper limit, the 
isolation betWeen the terminals is impaired and poWer is 
dissipated into the space. Resonance frequency f is 
expressed as folloWs: 

Where a, b and c are the length, Width and height of the 
cavity, respectively, kc is the velocity of light in the atmo 
sphere, and m, n and k are integers. 

[0034] Resonance frequency f varies With the distribution 
of the magnetic ?eld generated in the cavity. What are 
problematical are seven modes, each having a loW resonance 
frequency. The resonance frequencies of these modes are 
given as folloWs: 

Where SQRT is a square root. 

[0035] Let a1, b1 and c1 be the length, Width and height 
of the cavity of the conventional semiconductor device 
composed of tWo parts split in the vertical direction. Simi 
larly, let a2, b2 and c2 be the length, Width and height of the 
cavity of the semiconductor device according to the present 
embodiment. Then, the length a2 and Width b2 of the cavity 
according to the present embodiment Will be as shoWn in 
FIG. 2, and the height c2 thereof Will be as shoWn in FIG. 
4. 

[0036] Length a1 and length a2 are determined by the 
matching circuits. The length of the cavity of this embodi 
ment is the same as that of the cavity of the conventional 
device. That is, a1=a2. The Width of the cavity is constant, 
not depending on the number of semiconductor chips pro 
vided in the cavity. In the conventional semiconductor 
device, tWo chips are arranged side by side. In the present 
embodiment, one chip is divided into tWo segments in the 
WidthWise direction, and the cavity is therefore half (1/2) as 
Wide as the cavity of the conventional device. That is, b2=b 
1/2. 

[0037] The cavity of the embodiment is tWice as high as 
that of the conventional device, because the unit semicon 
ductor devices 11 and 21 are laid one on the other. That is, 
c2=2><c1. 

[0038] According to the present embodiment, there are 
tWo heat-radiating ground substrates 12, Which de?ne exter 
nal surfaces of the semiconductor device. Heat can therefore 
be radiated far more readily, compared to the conventional 
semiconductor device. 
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Second Embodiment 

[0039] In this embodiment, the unit semiconductor device 
21 is laid on the lower unit semiconductor device 11. 
Therefore, it may be dif?cult, in some cases, to connect or 
ground signal lines. This Would not happen in the second 
embodiment. The second embodiment Will be described 
beloW. 

[0040] FIG. 5 shoWs a combination of the tWo unit semi 
conductor devices 11 and 21 according to the ?rst embodi 
ment. The second embodiment is such a combination of tWo 
unit devices, Which is positioned upright and stands on one 
side as is illustrated in FIG. 6. 

[0041] The devices 11 and 21 have been positioned 
upright. Then one end of the devices 11 and 21 is embedded 
in a grounding conductor 33 capable of radiating heat, as is 
illustrated in FIG. 7. Thereafter, auxiliary grounding con 
ductors 31 and 32, both able to radiate heat, are secured to 
the other end of the devices 11 and 21, Which are not 
embedded in the grounding conductor 33. These conductors 
31 and 32 are arranged as if clamping those remaining parts 
of the devices 11 and 21. An input-side external circuit 34 is 
provided on the input side of the grounding conductor 33 
capable of radiating heat and is connected to the projecting 
part 15e of the input terminal 15a. Similarly, an output-side 
external circuit 37 is provided on the output side of the 
grounding conductor 33 and is connected to the projecting 
part 15f of the output terminal 15d. 

[0042] FIG. 8 shoWs this semiconductor device for use at 
high frequencies, as is vieWed from above. As seen from 
FIG. 8, signal lines can be easily grounded to provide a 
high-frequency semiconductor device that comprises tWo 
unit semiconductor devices. 

[0043] In the second embodiment, it is easy to connect the 
signal lines to the ground. In addition, heat can be ef?ciently 
radiated from tWo surfaces de?ned by the auxiliary ground 
ing conductors 31 and 32 that have heat-radiating property. 

Third Embodiment 

[0044] A third embodiment Will be described. FIG. 9 
shoWs the structure of the third embodiment. In this embodi 
ment, the projecting part 15e of the input terminal 15a and 
the projecting part 15f of the output terminal 15d, both 
shoWn in FIG. 5, are tWisted and led outside. 

[0045] As FIG. 9 shoWs, the projecting part 15f of the 
output terminal is tWisted and let outside. The grounding 
connection is the same as in the embodiment shoWn in FIG. 
7. In the present embodiment, the projecting part 15e of the 
input terminal and the input-side external circuit 34 contact 
in a surface, and the projecting part 15f of the output 
terminal and the output-side external circuit 37 contact in a 
surface. Thus, the embodiment provides a high-frequency 
semiconductor device in Which the signal lines can be easily 
connected and grounded. 

[0046] Also in this embodiment, heat can be ef?ciently 
radiated from tWo surfaces de?ned by the auxiliary ground 
ing conductors 31 and 32 that have heat-radiating property. 

Fourth Embodiment 

[0047] In each high-frequency semiconductor device 
described above, tWo unit semiconductor devices 11 and 21 
are directly coupled, constituting a semiconductor device for 
use at high frequencies. 
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[0048] A conductive plate made of metal can be provided 
betWeen tWo unit semiconductor devices 11 and 21 in order 
to prevent microWave interference betWeen the unit semi 
conductor devices. 

[0049] FIGS. 10 and 11 shoW a high-frequency semicon 
ductor device of such a con?guration. FIG. 10 is a diagram 
explaining hoW a conductive plate 41 is interposed betWeen 
unit semiconductor devices 11 and 21. FIG. 11 is a sectional 
vieW of a structure comprising the unit semiconductor 
devices 11 and 21 secured to each other, With the conductive 
plate 41 interposed betWeen them. 

[0050] The unit semiconductor devices 11 and 21 are 
identical in con?guration to those shoWn in FIG. 1. This 
embodiment differs only in that the conductive plate 41 is 
interposed and secured betWeen the unit semiconductor 
devices 11 and 21. That is, the conductive plate 41 is laid on 
the unit semiconductor device 11 so con?gured as described 
above and the unit semiconductor device 21 of the same 
structure as the device 11 is positioned upside doWn and laid 
on the conductive plate 41. 

[0051] It is good enough if the conductive plate 41 is made 
of metal. It is desired that the plate 41 should have an 
expansion coefficient similar to that of the heat-radiating 
ground substrate 12. Preferably, it should be made of the 
same material as the heat-radiating ground substrate 12. It is 
sufficient for the conductive plate 41 to be as large as Would 
cover at least the sideWall 18. It is desired that the plate 41 
be thick enough not to alloW the passage of microwaves 
having a Wavelength of 5 pm or more. It may be about 1 mm 
thick, in consideration of the handling readiness required. 

[0052] The sideWall 18 of the upper unit semiconductor 
device 21 is so arranged that its upper edge is aligned With 
the upper edge of the sideWall 18 of the loWer unit semi 
conductor device 11, With the conductive plate 41 clamped 
betWeen the devices 11 and 21. The sideWalls of the devices 
11 and 21 are coupled and sealed together at upper edge With 
of solder made of, for example, a gold-tin alloy. 

[0053] In the present embodiment With the conductive 
plate 41, the resonance frequency can be raised in any mode 
other than mode TE001, Without loWering the resonance 
frequency of mode TE001. 

[0054] In the present embodiment, there are tWo heat 
radiating ground substrates 12, Which de?ne external sur 
faces of the semiconductor device. Heat can therefore be 
radiated at high ef?ciency. 

Fifth Embodiment 

[0055] FIGS. 14, 15 and 16 shoW the ?fth embodiment. 
This embodiment differs from the embodiment shoWn in 
FIGS. 7, 8 and 9, only in that a conductive plate 41 is 
interposed betWeen the tWo unit semiconductor devices 11 
and 21. FIG. 13 shoWs the device that comprises tWo unit 
semiconductor devices 11 and 21 and a conductive plate 41 
interposed betWeen the devices 11 and 21. As shoWn in FIG. 
14, this device is positioned upright and stands on one side. 
Thereafter, auxiliary grounding conductors 31 and 32, both 
able to radiate heat from the rear surface, are connected and 
secured to the heat-radiating ground substrates 12 of the 
device. 

[0056] The unit semiconductor devices 11 and 21 are 
secured to the auxiliary grounding conductors 31 and 32, 
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respectively. The conductive plate 41 is clamped between 
the unit semiconductor devices 11 and the unit semiconduc 
tor device 21. One end of the tWo unit semiconductor 
devices 11 and 21 and the conductive plate 41 is embedded 
in a grounding conductor 33. The grounding conductor 33 is 
capable of radiating heat (see FIG. 15). 

[0057] Thereafter, auxiliary grounding conductors 31 and 
32, both able to radiate heat, are secured to the other end of 
the devices 11 and 21, Which are not embedded in the 
grounding conductor 33. These conductors 31 and 32 are 
arranged as if clamping those remaining parts of the devices 
11 and 21. An input-side external circuit 34 is provided on 
the input side of the grounding conductor 33 capable of 
radiating heat and is connected to the projecting part 15e of 
the input terminal. Similarly, an output-side external circuit 
37 is provided on the output side of the grounding conductor 
33 and is connected to the projecting part 15f of the output 
terminal. 

[0058] FIG. 15 shoWs this high-frequency semiconductor 
device as vieWed from above. As seen from FIG. 15, signal 
lines can be easily grounded to provide a high-frequency 
semiconductor device that comprises tWo unit semiconduc 
tor devices and a conductive plate 41 interposed betWeen the 
unit semiconductor devices. 

[0059] In the ?fth embodiment, heat can be ef?ciently 
radiated from tWo surfaces de?ned by the auxiliary ground 
ing conductors 31 and 32 that have heat-radiating property. 

Sixth Embodiment 

[0060] Still another embodiment Will be described, With 
reference to FIG. 14. In this embodiment, the projecting part 
15e of the input terminal and the projecting part 15f of the 
output terminal, both shoWn in FIG. 14, are tWisted and led 
outside. FIG. 16 shoWs the structure of the sixth embodi 
ment. As FIG. 16 shoWs, the projecting part 15f of the output 
terminal is tWisted and let outside. This embodiment is 
identical to the ?fth embodiment shoWn in FIG. 14 in any 
other structural respects, such as grounding connection. 

[0061] In the present embodiment, the projecting part 15e 
of the input terminal and the input-side external circuit 34 
contact in a surface, and the projecting part 15f of the output 
terminal and the output-side external circuit 37 contact in a 
surface. Thus, the embodiment provides a high-frequency 
semiconductor device in Which the signal lines can be easily 
connected and grounded. 

[0062] In this embodiment, heat can be ef?ciently radiated 
from tWo surfaces de?ned by the auxiliary grounding con 
ductors 31 and 32 that have heat-radiating property. 

[0063] In the fourth, ?fth and sixth embodiments, a con 
ductive plate are interposed betWeen the tWo unit semicon 
ductor devices 11 and 21. The conductive plate can therefore 
prevent microWave interference betWeen the unit semicon 
ductor devices 11 and 21. 

[0064] A conventional semiconductor device, the device 
disclosed in Patent Document 1, and the devices according 
to the ?rst embodiment and the fourth embodiment Were 
examined for resonance frequency. The results Were as 
shoWn in Table 1 (for the devices having a cavity of 
relatively small height) and as shoWn in Table 2 (for the 
devices having an cavity of relatively large height). 
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TABLE 1 

20 < (a or b) 
a = 1.0 cm b =1.0 cm 0 = 0.4 cm (Unit: GHZ) 

Patent First Fourth 
Mode Prior Art Document 1 Embodiment Embodiment 

TE100 15.0 15.0 15.0 15.0 
TE010 15.0 30.0 30.0 30.0 
TE001 75.0 75.0 37.5 75.0 
TE110 21.2 33.5 33.5 33.5 
TE101 76.5 76.5 40.4 76.5 
TE011 76.5 80.8 48.0 80.8 
TE111 77.9 82.2 50.3 82.2 

[0065] 

TABLE 2 

20 > (a or b) 
a =1.0 cm b =1.0 cm 0 = 0.6 cm (Unit: GHZ) 

Patent First Fourth 
Mode Prior Art Document 1 Embodiment Embodiment 

TE100 15.0 15.0 15.0 15.0 
TE010 15.0 30.0 30.0 30.0 
TE001 25.0 25.0 12.5 25.0 
TE110 21.2 33.5 33.5 33.5 
TE101 29.2 29.2 19.5 29.2 
TE011 29.2 39.1 32.5 39.1 
TE111 32.8 41.8 35.8 41.8 

[0066] Consider devices Whose cavity has a relatively 
small height (c), even tWice as much being less than the 
length (a) or the Width (b). Assume that a conventional 
device has length al of 1.0 cm, Width b1 of 1.0 cm and height 
cl of 0.4 cm. By contrast, the cavity of the device according 
to this embodiment has length a2 of 1.0 cm, Width b2 of 0.5 
cm and height c2 of 0.8 cm. Thus, the cavity of the device 
according to this embodiment has a height tWice the height 
of the cavity of the conventional device. The Width of the 
cavity can yet be half the length. Hence, the resonance 
frequency in the cavity can be raised. 

[0067] The folloWing can be understood from the results 
shoWn in Table 1. In mode TE100, the resonance frequency 
is the same (i.e., 15.0 GHZ) in any device examined, 
irrespective of its con?guration. In mode TE010 and mode 
TE110, the device according to Patent Document 1 and the 
devices according to the ?rst and fourth embodiments are 
advantageous over the conventional semiconductor device 
(that is, the resonance frequency is higher). In mode TE001, 
mode TE101, mode TE011 and mode TE111, only the ?rst 
embodiment has the opposite effect. 

[0068] In the device according to the ?rst embodiment that 
has no conductive plates, the resonance frequency is 
improved in mode TE010 that more adversely in?uences the 
isolation characteristic betWeen terminals than any other 
mode. The resonance frequency is not improved in mode 
TE100, because this mode does not in?uence the isolation at 
all. In other modes, the resonance frequency is loWer than in 
the device of the conventional con?guration. Nonetheless, in 
mode TE010 and mode TE110, i.e., tWo mode Which have 
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relatively loW resonance frequencies, among the ?ve modes 
(TE010, TE001, TE110, TE011 and TE111) in?uencing the 
isolation, the resonance frequency is tWo times and 1.5 times 
as much, respectively. Thus, the resonance frequency is 
greatly improved in mode TE010 and mode TE110. 

[0069] The cavity may have a comparatively large height. 
More speci?cally, the height (c) maybe tWice as much and 
greater than the length (a) and the Width (b). For example, 
the cavity of the conventional semiconductor device may 
have length al of 1.0 cm, Width b1 of 1.0 cm and height c1 
of 0.6 cm. In this case, the results are as shoWn in Table 2. 

[0070] In mode TE100, the device according to Patent 
Document 1 and the devices according to the ?rst and fourth 
embodiments are just the same as the conventional device in 

terms of resonance frequency. In mode TE010, mode TE110 
and mode TE011, any con?guration can raise the resonance 
frequency over the conventional devices. 

[0071] In mode TE001, the device according to the ?rst 
embodiment undergo resonance at loWer frequencies than in 
any other mode. In mode TE101 and mode TE111, only the 
?rst embodiment has the opposite e?‘ect. 

[0072] In the ?rst embodiment Without conductive plates, 
the resonance frequency is improved in mode TE101 that 
more adversely in?uences the isolation characteristic 
betWeen terminals than any other mode. The resonance 
frequency is not improved in mode TE100, because this 
mode does not in?uence the isolation at all. In other modes, 
the resonance frequency is loWer than in the device of the 
conventional con?guration. Nonetheless, in mode TE010 
and mode TE110, i.e., tWo mode Which have relatively loW 
resonance frequencies, among the ?ve modes (TE010, 
TE001, TE110, TE011 and TE111) in?uencing the isolation, 
the resonance frequency is tWo times and 1.5 times as much, 
respectively. Thus, the resonance frequency is greatly 
improved in mode TE010 and mode TE110. In mode TE001, 
Whoever, the resonance frequency loWers, and the device 
according to the ?rst embodiment cannot achieve the advan 
tage desired of it. By contrast, in any device having a 
conductive plate, the resonance frequency can be raised in 
any mode other than mode TE001, Without loWering the 
resonance frequency of mode TE001. 

[0073] According to the embodiments described above, 
there are high-frequency semiconductor devices that have 
microWave transistors. HoWever, the present invention can 
be applied to any other types of high-frequency semicon 
ductor devices. Further, the unit semiconductor devices 11 
and 21 need not be sealed at the upper edges of their 
sideWalls 18 and 28, as long as they are electrically shielded. 
Similarly, the devices 11 and 21 need not be sealed if their 
sideWalls 18 and 28 are aligned With each other at upper 
edge by the conductive plate 41, so long as they are 
electrically shielded. 

[0074] Embodiments of the present invention are not 
limited to the embodiments described above. Various 
changes and modi?cations can be made Within the scope and 
spirit of the invention. 
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What is claimed is: 
1. A high-frequency semiconductor device comprising 

tWo unit semiconductor devices, each of Which including: 

a ground substrate having heat-radiating property; 

a high-frequency semiconductor element provided on the 
ground substrate; 

an input-side matching circuit connected to the high 
frequency semiconductor element; 

an output-side matching circuit connected to the high 
frequency semiconductor element; 

a side Wall member surrounding at least the high-fre 
quency semiconductor element; 

an input terminal connected to the input-side matching 
circuit; and 

an output terminal connected to the output-side matching 
circuit, 

Wherein the tWo unit semiconductor devices are coupled 
to each other at an upper edge of the side Wall member. 

2. The high-frequency semiconductor device according to 
claim 1, further comprising: 

a grounding conductor in Which one end of the tWo unit 
semiconductor devices is embedded and Which has 
heat-radiating property; 

auxiliary grounding conductors having heat-radiating 
property and con?gured to clamp the other end of the 
tWo unit semiconductor devices; 

an input-side external circuit Which is provided at an input 
side of the tWo unit semiconductor devices and is 
connected to the input terminal; and 

an output-side external circuit Which is provided at an 
output side of the tWo unit semiconductor devices and 
is connected to the output terminal. 

3. The high-frequency semiconductor device according to 
claim 2, Wherein the input terminal has at least one part 
tWisted and connected to the input-side external circuit. 

4. The high-frequency semiconductor device according to 
claim 2, Wherein the output terminal has at least one part 
tWisted and connected to the output-side external circuit. 

5. A high-frequency semiconductor device comprising 
tWo unit semiconductor devices, each of Which including: 

a ground substrate having heat-radiating property; 

a high-frequency semiconductor element provided on the 
ground substrate; 

an input-side matching circuit connected to the high 
frequency semiconductor element; 

an output-side matching circuit connected to the high 
frequency semiconductor element; 

a side Wall member surrounding at least the high-fre 
quency semiconductor element; 

an input terminal connected to the input-side matching 
circuit; and 

an output terminal connected to the output-side matching 
circuit, 
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wherein the tWo unit semiconductor devices are coupled 
to each other through a conductive plate at an upper 
edge of the side Wall member. 

6. The high-frequency semiconductor device according to 
claim 5, further comprising: 

a grounding conductor in Which one end of the tWo unit 
semiconductor devices is embedded and Which has 
heat-radiating property; 

auxiliary grounding conductors having heat-radiating 
property and con?gured to clamp the other end of the 
tWo unit semiconductor devices; 
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an input-side external circuit Which is provided at an input 
side of the tWo unit semiconductor devices and is 
connected to the input terminal; and 

an output-side external circuit Which is provided at an 
output side of the tWo unit semiconductor devices and 
is connected to the output terminal. 

7. The high-frequency semiconductor device according to 
claim 6, Wherein the input terminal has at least one part 
tWisted and connected to the input-side external circuit. 

8. The high-frequency semiconductor device according to 
claim 6, Wherein the output terminal has at least one part 
tWisted and connected to the output-side external circuit. 

* * * * * 


